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Inventors. ALBERT LOUIS BUBIN TERUO MIYATA MICHAEL WOOD DUNN KURT HODGSON
STENZEL (54) SOFT CONTACT LENS (71)   We, OPTICAL CORPORATION, a
commercial product for over 25 years and body corporate organized and
existing  are conveniently classified as 'hard' contact under the laws of
the Sthte of Delaware, lenses and 'soft' contact lenses; this inven- United
States of America, of 234 East tion: is concerned with the latter class 5
Hunting Ridge. Road, Stamford, Connecti-   Contact lenses to date have been
made 50 cut 06903,United States of America, do  from   chemically
synthesized materials hereby 'declare the. invention for which we  which do
not occur in nature. For example, pray that. a. patent may be granted to
us, most early contact lenses were made from and the method by which it. is
to be per-. polymethylmethacrylate or chemical modi- 10 formed,to be
particularly described in and  fications thereof, from hydroxyethylmetha-
55 by. the.'following statement: -  .     crylate, from  cellulose acetate
butyrate, This invention relates to soft contact from silicones, etc. To
the knowledge of the lenses.                                 applicants no
lens, prior to this invention, According to one. aspect, the invention  was
made on a commercial scale from 15 provides a soft contact lens comprising
a  naturally occurring animal materials. and 60 cross-linkdd transparent
gel body formed especially from materials having physiolo- from
solubilized, defatted collagen.     gical .and immunological' properties
posses- According to another aspect, the inven- sed by constituents of the
eye itself, e.g.. the tion provides a soft contact lens comprising  cornea
A  proposal of this nature has how- 20 a cross-linked gel body formed from
an  ever been made in.U.K. Patent Specifica- 65 enzyme-solubilized,
telopeptide-poor, defat- tion No. 1 168 173. The state of the art on ted
collagen, in which the collagen consti- contact  lenses is reviewed in a
current tutes 1.0 to 30 wt % of the gel, the balance  article "A Contact
Lens Update" - Con- being water.                           tact Lens Forum,
p. 16-23.(May 1976). 25  According to another aspect, the inven-   The
chemistry, molecular structure and 70 tion provides a method for producing
a soft  biochemical properties of collagen have contact lens which
comprises solubilizing  been. well established. An up-to-date review
collagen, removing fatty constituents there- article .by the current.
inventors (Annual from, converting the solubilized, defatted  Review of.
Biophysics and Bioengineering, 30 collagen to a transparent gel, forming a
Vol. 3, p. 231-253, 1974) contains an excel- 75 lens-shaped'body from such
'gel, and cross- lent compilation of references on the linking the.
lens-shaped gel.          subject. According to a further aspect the inven-
Collagen is a major protein of connective tion provides a method for the
manufacture  tissue such as skin, cornea, etc., and can be 35 of a soft
contact lens which comprises solubilized, separated and.purified by the 80
treating' a source of collagen with a proteo- treatment with proteolytic
enzymes (other lytic enzyme to' produce an extract of telo- than
collagenase), e.g, proctase, pepsin, peptide-poor collagen, removing fatty
con- trypsin and pronase. Solubilized collagen is stituents from the
extract, converting the  telopeptides-poor, relatively inexpensive, 40
extracted, defatted collagen to form  a and useful as a biomedical
material; The 85 transparent gel having a collagen concen- collagen may be
redispersed as a clear tration of 1.0 to 30 wt %, forming said  equeous gel
up to 30% (the balance being contact lens from such gel and cross-linking
essentially water) and placed in a lens mold the lens.
(glass, brass, stainless steel, and/or plastics 45   Contact lenses have
been known as a material) and gamma-irradiated to polymer- 90 
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2 ize the collagen. A collagen soft contact plished by irradiation with
gamma or ultra- lens prepared by this method' is optically  violet rays or
-by heating, drying- or simple clear, flexible, stable. and comfortable to
aging. Cross-linking can also be accom- wear.
pshed by treating with certain chemicals 5   Collagen has been used by the
present such as aldehyde, e.g., formaldahyde, glu- 70 inventors in various
drugs and medical araldahyde or with acids such as chromic applications,
e.g., as a vehicle for drug de-  acid. The mechanism  of cross-linking of
livery in opthalmic application; as dialysis  collagen is well-known' and
has been fairly membranes; as vitreous implants, and in  well documented.
In the preparation of soft 10 other medical and surgical applications.
contact lenses in accordance with this in- 75 Their studies have been
published widely in  vention, the preferred cross-linking method medical
journals. The inventors know of no  is irradiation in the presence of
nitrogen. utilizations of a gel formed from solubilized  Nitrogen
atmosphere is preferred to air be- collagen as described hereunder as a
soft  cause the presence of nitrogen increases 15 contact lens material
prior to their own  the cross-linking of collagen while maintain- 80
discovery.                               ing the rate of breakdown of
collagen at a The present invention is illustrated in  low level.
Irradiation is preferred to chemi- detailin the following description:
Calfskin  cal treatment since the irradiation process collagen was used as
a starting material, but  introduces no  potentially - toxic foreign 20
other sources such as steer hide, cowhide  material into the collagen gel
structure.   85 and pigskin may also be utilized. Dehaired  The
effectiveness of gamma-irradiation is and cleaned skin is solubilized with
a pro-  a function of the collagen concentration of telytic enzyme (pepsin
for example) and  the gel and of the atmosphere of the irra- solubilized
collagen is precipitated at pH 7  diation. For example, the gamma-irradia-
25 after inactivation of enzyme activity by  tion in presence of air
induces some 90 caustic treatment at pH  10. Precipitated  damage of the
collagen molecule concur- solubilized- collagen is defatted by repeated
rent with introduction of cross-linkages. extractions with' ethanol-ethyl
ether mix- The irradiation in the presence of nitrogen ture (1:1). This
defatting process is essen- mimizes the destruction of collagen and en- 30
tial to obtain transparent collagen gel for hances gel stabilization by
cross-linking. 95 lens production.                         The optimal
irradiation dose depends on the Solubilized collagen contains many NH2
collagen concentration. Irradiation of 500- and COOH groups in its
structure, and  900 Krads at a dose rate of 82 K rads per chemical
modifications of the molecule can  hour is necessary to introduce enough
cross- 35 be readily made, e.g., all or some of the  linkages into 5%
collagen gel; however, a 100 amino groups may be acylated by reaction
dose: of 1200-1600 K rads is required for with a mixture of acetic
anhydride and  10% collagen gel in presence ofnitrogen. acetic acid, 'or
other anhydride'such as suc-   : Chemically modified collagens and gelatin
cinic anhydride. All or some of the carboxyl (denatured gelatin) can be
also used as a 40 groups contained in the molecule 'may be  lens material
as well as native collagen 105 esterified by the standard reaction with
(without chemical modification and denatu- acidified alcohol, preferable a
water soluble  ration). Since native collagen is soluble in aliphatic
alcohol, such as methanol, etha-  acidic pH, a clear gel is obtained only
below nol, etc. In the above reactions the isoelec-  about pH 4.0. Lens
material made from this 45 tric point of collagen can be controlled, gel
must be neutralized. On the other hand, 110 either negative or positive, or
completely  chemically modified collagen, such as. suc- neutralized.
Excellent soft contact lenses  cinylated collagen, or methylated collagen
have been made from  succinylated and  is soluble in physiologic conditions
(pH 6- methylated collagen.              -      8); and neutralization of
the lens material is 50   Gels  having  collagen  concentrations  not
necessary. The effect of gamma-irradi- 115 ranging -from 1% to 30%  can be
utilized  ation is similar on gelatin and on native and for lens
production, but the preferable  chemically modified collagens.
concentration is 1%  to 20%  with the    Gelatin is solubilized in neutral
pH water balance being water. As the collagen con- by heating and the
viscosity of resulting 55 tent of the gel. increases substantially above
solution is much less than that of native 120 



about 20%, the material becomes gummy  collagen solution. A 30-50% gelatin
solu- and difficult to handle and work. A collagen  tion of neutral pH can
be readily prepared. soft contact lens of higher water content  Gelatin is
suitable for making a soft lens is more pliable, superior in oxygen
diffusion  of low water content. 60 and more comfortable to -wear. However,
Glass, stainless steel, brass and plastics 125 the mechanical strength of
the lens is im-  (teflon, polyethylene, polycarbonate) may proved with
decreasing water content.   :  be used as a lens mold material. Glass and
Cross-linking of the solubilized transpar-  metals are generally preferable
to plastics ent collagen is necessary in order to stabi- because of the
stability against gamma-irra- 65  lize the molecule. Cross-linking is
accom-diation.                              130    3
1568136                                       3 The present invention may
be further  part and an upper convex part. The surface understood from the
following examples:  of the convex part, when the mold is Example I - Fresh
calfskin (about 5 kg.) closed, reaches the surface of the concave was
dehaired, cleaned by shaving' and cut section, except for the desired
thickness of 5 into small pieces. The skin was solubilized  the collagen
lens. The desired thickness is 70 in 10 liters of water (pH 2.5, HCl) by
addi-  approximately 0.4 millimeters, preferably tion of. 1 g of pepsin
(approximate ratio of  about 0.3 millimeters. Most lens material enzyme to
collagen is 1/400) and kept at was finished with a trephine (cylindrical
[ERR] for five days with intermittent stirring. instrument with one
razor-sharp circular 10 The resulting viscous solubilized collagen  cutting
end), to a tapered edge lens. Instead 75 was filtered through cheesecloth,
its pH  of trephining, however, a lathe operation adjusted to 10 by NaOH
and allowed to  may also be used to finish the lens material. stand for 24
hours at [ERR] to inactivate the    Example 2 -  A soft lens was prepared
pepsin. The pH of collagen was then ad-  by a procedure similar to Example
1 except 15 justed to 7 to 8 (HCl) and collagen precipi-  12% collagen gel,
a stainless steel mold and 80 tate was collected by centrifuging. Fatty
irradiation time of 20 hours were substitu- constituents were then removed
from the  ted. Again the resulting lens was optically collagen. To one part
of collected collagen  clear, flexible and stable, and displayed ex- was
added two parts of fat solvent, e.g., cellent properties as a soft contact
lens. 20 ethanol-ethyl ether mixture (1:1) and the    Example 3 -
Solubilized defatted colla- 85 mixture was homogenized in a Waring  gen
prepared in Example 1 was succinylated blender. Collagen was separated from
sol- by the following procedure: Five grams of vent by squeezing in
cheesecloth and homo-  collagen'were solubilized in 2 liters of acidi-
genized again with the same volume of  fled water (pH 3.0, HCI) and the pH
there- 25 solvent. After being squeezed it was air- after adjusted to 9.0
by NaOH solution. 90 dried to' remove solvent and redissolved in  Acatone
solution (100 ml) containing 2 g acidified water (pH about 3.0) to make
succinic anhydride was gradually added to collagen gel.
the collagen suspension. During the addi- On the lower concave part of a
lower  tion of succinic anhydride the pH of colla- 30 lens mold (glass) was
placed 0.2 g of 5%   gen suspension was maintained at about 9.0 95 clear
collagen gel and centrifuged for 30  by NaOH solution. Succinylated
collagen minutes at 3000 rpm at l0%C to make the  was precipitated by
acidification to about collagen gel spread evenly across the mold  4.2,
washed repeatedly with water and surface. After 10 minutes evacuation in
freeze-dried. Transparent 2.5%  succiny- 35 vacuum, the upper convex part
of the lens  lated collagen gel of pH7 was placed on the 100 mold was
pushed onto the lower mold con- lower mold part (brass) indicated and pro-
taining the collagen gel and the entire mold  cessed in the same ways as
Example I transferred to an irradiation vessel. The  except that 8 hours
irradiation was em- vessel was flushed and filled with nitrogen  ployed.
The resulting lens was completely 40 and gamma-irradiated for 10 hours at a
transparent, pliable, and sufficiently strong 105 dose rate of 82K  rads
per hour. The  to function as a soft contact lens; It is very moulded
collagen lens was neutralized by  comfortable to wear. phosphate-saline
buffer, (pH 7.2)and trans-  Example 4  - Commercial gelatin of ferred to
normal saline. The lens was placed  medical grade was dissolved in water to
45 on the convex part of a teflon mold, make a 30%  concentration.
Two-tenths 110 



frozen and trephined while the lens was  gram (0.2 g.)of warm gelatin sol
was placed frozen. The' finished lens was kept in nor-  on the lower part
of a teflon mold and the mal saline solution. This lens is optically  upper
part was pushed onto it. Gamma- clear, flexible and stable, and displays
ex- irradiation was performed by the same pro- 50 cellent properties as a
soft contact lens.    cedure as Example 1 except that 25 hours 115 The
irradiation was carried out in a  irradiation was used. The resulting lens
Gammator M type gamma irradiator ob- again was clear, flexible and strong.
tained from Radiation Machinery Corpora-    All of the lenses prepared
above are sus- tion, Parsippany, New  Jersey and such  ceptible of
modification to  prescription 55 irradiation equipment is not part of the
in- values by known techniques. Thus, soft 12 ventive subject matter
hereunder. The glass  contact collagen lenses can be prepared for vessel
containing the lens mold during irra-  use by patients requiring known
normal diation was a standard, relatively wide- sight corrective 'measures,
e.g., incorpora- mouth, two-hole rubber-stopped vessel per-  tion of
spherical power. 60 mitting removal of air' and filling with    The
advantages of a soft lens made from 125 nitrogen.
solubilized collagen from a medical stand- The lens molds (which likewise
do not point are summerized as follows: form part of this invention), were
manu-    1. Successful implantation of a material factured from brass,
glass and plastics mate-  into the corneal stroma requires that the 65
rial. The mold consists of a lower concave  material be inert and highly
permeable to 130    4                                        1 568 136
4 water, nutrients, oxygen and carbon diox-   11. A  soft contact lens
according to ide. To date collagen is the only material claim 8, 9 or 10 in
which the collagen is used for contact lenses that can be so im-
chemically-modified collagen. planted without subsequent rejection. All
12. A soft contact lens according to 5 other materials used for contact
lenses are  claim 11 in which the collagen is esterified 70 extruden' when
-implanted in the cornea.  collagen. 2. The collagen/water ratio of the
cornea   13. A soft contact lens according to and the collagen contact lens
are strikingly  claim  12 in which the collagen is methy- similar. These
two materials are closely  lated collagen. 10 related  structurally,
physiologically and    14. A  soft contact lens according to 75
immunologically. All other contact lens  claim 12 in which the collagen is
acylated materials are totally unrelated to the colla-  collagen. gen
protein of the cornea.                  15. A  soft contact lens according
to The advantages from  the consumer or  claim 14 in which the collagen is
succiny- 15 wearer standpoint are  summarized  as  lated collagen.
80 follows:                                    16. A  soft contact lens
according to 1. The gas and water vapor permeability  claim 1,
substantially as described in any of of the collagen membrane make it
ideally  the Examples. suited for a constant Wear contact lens    17. A
method for producing a soft con- 20 without disrupting essential metabolic
pro-  tact lens which comprises solubilizing colla-. 85 cesses in the
cornea.                  gen, removing fatty constituents therefrom, 2, The
similarity of this protein and the  converting the solubilized, defatted
collagen principal protein of the cornea make aller-  to a transparent gel,
forming a lens-shaped gic and toxic reactions between the two  body from
such gel, and cross-linking the 25 very unlikely.
lens-shaped gel.                         90 3. The low  cost of preparation
of the    18. A method according to claim 17 in collagen lens material
indicates a low cost  which the collagen is solubilized by treat- to the
consumer.                    ment with a proteolytic enzyme. 4. Collagen
contact lenses  are  soft,    19. A method according to claim 17 or 30
pliable and transparent. Spherical power  18 in which the cross-linking is
carried by 95 can be incorporated into them.          irradiation with
gamma rays in the presence WHAT WE CLAIM IS:                   of nitrogen.
1. A soft contact lens comprising a cross-   20. A method accordingto claim
17, 18 linked transparent gel body formed from   or 19 in which the
collagen concentration 35 solubilized, defatted collagen,           of the
gel is in the range 1% to 30%    100 



2. A soft contact lens according to claim    21. A method according to any
one of 1 in which  the -collagen is denatured  claims 17 to 20 in which the
collagen is collagen.                              succinylated prior to
shaping and cross- 3. A soft contact lens according to claim  linking. 40 1
in which the collagen is chemically-    22. A method according to claim 21
in 105 modified collagen.                      which the collagen is
methylated prior to 4. A soft contact lens according to claim  shaping and
cross-linking. 3 in which the chemicilly-modified collagen    23. A method
according to any one of is abylated collagen.                   Claims 17
to 22, in which the gel is formed 45   5. A soft contact lens according to
claim  into said body in a lens mould.      110 3 in which the chemically
modified collagen    24. A method for the manufacture of a is succinyfated
collagen                soft contact lens which comprises treating 6. A
soft contact lens according to claim   a source of collagen with a
proteolytic en- 3 in which the chemically-modified collagen  zyme to
produce an extract of telopeptide- 50 is esterified collagen.
poor collagen, removing fatty constituents 115 7. A soft contact lens
according to claim  from the extract, converting the extracted, 6 in which
the chemically-modified collagen  defatted collagen to form a transparent
gel is methylated collagen.                  having a collagen
concentration of 1.0 to 8. A soft contact lens comprising a cross-  30 wt.
%, forming said contact lens from 55 linked gel body formed from an enzyme-
such gel and cross-linking the lens.     120 solubilized, telopeptide-poor,
defatted colla-    25. A soft contact lens when produced gen, in which the
collagen constitutes 1.0  by a method according to any one of to 30 wt % of
the gel, the balance being  Claims 17 to 24. water. 60   9. A soft contact
lens according to claim          For the Applicants 8 in which the collagen
content is 1 to 20          D  YOUNG & CO. wt. %. 10. A  soft contact lens
according to          Chartered Patent Agents, claim 9 in which the
collagen content is 5        9 & 10 Staple Inn 65 to 12 wt. %.
London WC1V 7RD. Printed for Her Majesty's Stationery Office by The
Tweeddale Press Ltd., Berwick-upon-Tweed, 1980 Published at the Patent
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1 568 136                                      4 water, nutrients, oxygen
and carbon diox-    11. A  soft contact lens according to ide. To date
collagen is the only material  claim 8, 9 or 10 in which the collagen is
used for contact lenses that can be so im-  chemically-modified collagen.
planted without subsequent rejection. All   12. A  soft contact lens
according to 5 other materials used for contact lenses are  claim 11 in
which the collagen is esterified 70 extruden when implanted in the cornea.
collagen. 2. The collagen/water ratio of the cornea    13. A  soft contact
lens according to and the collagen contact lens are strikingly  claim  12
in which the collagen is methy- similar. These two materials are closely
lated collagen. 10 related  structurally, physiologically  and    14. A
soft contact lens according to 75 immunologically. All other contact lens
claim 12 in which the collagen is acylated materials are totally unrelated
to the colla-  collagen. gen protein of the cornea.                  15. A
soft contact lens according to The advantages from  the consumer or  claim
14 in which the collagen is succiny- IS wearer standpoint are  summarized
as  lated collagen.                            8o follows:
16. A  soft contact lens according to 1. The gas and water vapor
permeability  claim 1, substantially as described in any of of the collagen
membrane make it ideally  the Examples. suited for a constant wear contact
lens    17. A method for producing a soft con- 20 without disrupting
essential metabolic pro-  tact lens which comprises solubilizing colla- 85
cesses in the cornea.                     gen, removing fatty constituents
therefrom, 2. The similarity of this protein and the  converting the
solubilized, defatted collagen principal protein of the cornea make aller-
to a transparent gel, forming a lens-shaped 



gic and toxic reactions between the two  body from such gel, and
cross-linking the 25 very unlikely.                            lens-shaped
gel.                         90 3. The low cost of preparation of the
18. A method according to claim 17 in collagen lens material indicates a
low cost  which the collagen is solubilized by treat- to the consumer.
ment with a proteolytic enzyme. 4. Collagen  contact lenses  are  soft,
19. A method according to claim 17 or 30 pliable and transparent. Spherical
power  18 in which the cross-linking is carried by 95 can be incorporated
into them.            irradiation with gamma rays in the presence WHAT WE
CLAIM IS: -                     of nitrogen. 1. A soft contact lens
comprising a cross-   20. A method according to claim 17, 18 linked
transparent gel body formed from   or 19 in which the collagen
concentration 35 solubilized defatted collagen.           of the gel is in
the range 1% to 30%.    100 2. A soft contact lens according to claim
21. A method according to any one of 1 in which the collagen  is denatured
claims 17 to 20 in which the collagen is collagen.
succinylated prior to shaping and cross- 3. A soft contact lens according
to claim  linking. 40 1 in which the collagen is chemically-    22. A
method according to claim 21 in 105 modified collagen;
which the collagen is methylated prior to 4. A soft contact lens according
to claim  shaping and cross-linking. 3 in which the chemically-modified
collagen    23. A method according to any one of is acylated collagen.
Claims 17 to 22, in which the gel is formed 45   5. A soft contact lens
according to claim  into said body in a lens mould.       110 3 in which
the chemically modified collagen    24. A method for the manufacture of a
is succinylated collagen.                 soft contact lens which comprises
treating 6. A soft contact lens according to claim   a source of collagen
with a proteolytic en- 3 in which the chemically-modified collagen  zyme to
produce an extract of telopeptide- 50 is esterified collagen.
poor collagen, removing fatty constituents 115 7. A soft contact lens
according to claim  from the extract, converting the extracted, 6 in which
the chemically-modified collagen  defatted collagen to form a transparent
gel is methylated collagen.                   having a collagen
concentration of 1.0 to 8. A soft contact lens comprising a cross-  30 wt.
%, forming said contact lens from 55 linked gel body formed from an enzyme-
such gel and cross-linking the lens.       120 solubilized,
telopeptide-poor, defatted colla-    25. A soft contact lens when produced
gen, in which the collagen constitutes 1.0  bv a method according to any
one of to 30 wt % of the gel, the balance being  Claims 17 to 24. water. 60
9. A soft contact lens according to claim          For the Applicants 8 in
which the collagen content is I to 20          D. YOUNG & CO. wt. %. 10. A
soft contact lens according to           Chartered  Patent Agents, claim 9
in which the collagen content is 5           9 & 10 Staple Inn 65 to 12 wt.
%.                                        London WCIV 7RD. Printed for Her
Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed, 1980 Published at the Patent Office, 25 Southampton
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